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UNIVERSITY OF ILLINOIS,
Agricultural Experiment Station,
CHAMPAIGN, MAY, 1890.
BULLETIN NO. 9.
MILK AND BUTTER TESTS.
COMPOSITION OF MILK.
In this bulletin, Dr. A. G. Manns, until January i, 1890, assistant
chemist of this Station, has reported the results of a large number of tests
of milk made by him. The primary object of these tests was the com-
parison of different methods of determining the value of milk, as indicated
by the percentage of fat contained in it. The work thus done shows that
the method devised by Mr. F. G. Short is reasonably accurate, provided
the tubes necessary in its use have been properly prepared and correctly
graduated. Presumably there is less danger of variation in the tubes as
now made and sold, than when they were first placed on the market, as
the manufacturers probably now use greater care in the graduation. It
would be well, however, as sets are purchased, to test them with milk of
the same composition before using them to determine the differences in
different samples.
Aside from any value this work may have in helping to show the com-
parative desirability of different methods of determining the fat in milk,
it well illustrates the importance of using some accurate method for such
determination where milk is bought and sold. Thus, the milk furnished
by one patron of the factory at Malta showed 3.07 per cent, of fat; that
of another, furnished the same day, 4.75 per cent. In a still more striking
manner, this work illustrates the importance of testing the milk of in-
dividual cows in a herd; for the variation in the value of the milk of
different cows maybe greater than in the milk from different herds. The
larger the number of cows, the more nearly, probably, will the milk ap-
proach the average composition. Thus, while there was at Malta, a
difference of 1.68 per cent, in the fat in the milk from two herds, the next
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greatest variation was 1.15 per cent.; and in but two other herds, out of
a total of 60, was the variation as much as .8 of a per cent. At the De-
Kalb and Shabbona factories, where the samples were taken from mixed
milk from three to a half dozen herds, the greatest variation in fat in any
two lots was
.9 percent, in the one case and .57 per cent, in the other.
On the other hand, the milk of one pair of the n cows tested in one herd
showed a difference of 1.8 per cent.; of another pair, 1.4. The milk of
two of the 16 cows tested in another herd showed a difference of 1.5 per
cent. The average percentage of fat in the milk of four of these cows
was 4.48; that of four others 3.53.
The average per cent, of fat found June 17, 1889, by Dr. Manns,
using Short's method, in the milk furnished by 63 patrons of the factory
at DeKalb was 3.83; June 24th, in the milk furnished by 60 patrons of the
factory at Malta, 3.70; July 3d, in the milk furnished by 61 patrons of the
factory at Shabbona, 3.66; and the average of fat as shown by the 101
tests made on the three days named in the 35,017 Ib. of milk furnished by
the 184 patrons of the three factories, was 3.73 per cent.
A more striking illustration of the difference in milk of cows in
the same herd, under like conditions, is found in the report of a test made
in March, 1890, by Mr. H. B. Gurler, of DeKalb, whose herd, it may be
safely assumed, has been selected and bred with more than average intel-
ligence. The milk of 64 of his cows was tested by Short's method. The
average per cent, of fat found was 4.21; the highest, 5.85; the lowest,
2.75 a variation of 3.10 per cent. The average of ten cows was 5.41;
of ten others, 3.2. Dividing the herd into four equal lots, the average of
one lot of 16 was 5.18; of another lot of same number, 3.38.
The difference between the average for this herd (4.21) and that shown
above for the 184 herds contributing to the three factories (3.73), is due
in part to the character of the food, and to the season of the year.
In the use of Short's test at his creamery at Malta, Mr. Gurler reports,
March, 1890:
" The last test of patrons ranged from 3.55 Ib. fat per 100
Ib. milk, to 4.90 Ib., very few being under 3.75, and few over 4.25."
Differences found in the Composition of Milk from Cows of Different
Breeds. There are well-known differences in the average per cent, of fat in
the milk of cows of different breeds. The length of the time since calving,
and the condition of the cow, affect the percentage of fat in the milk;
but in this case, as in many others, it was clearly shown that there are
marked differences in the milk of cows of like breeding and under like
conditions.
At the American Fat Stock and Dairy Show, held at Chicago in No-
vember, 1889, eight cows competed for prizes to be awarded those giving
the greatest quantity of butter fat in milk given in one day. Two Ayrshires,
three Holsteins, and three Jerseys competed. The milk was analyzed by
Dr. Manns, from whose report the following results are taken:
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TABLE SHOWING RESULTS OF MILK TESTS OF Cows OF DIFFERENT BREEDS.
?
1
I
8
2
3
9
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"
Composition of American Prize Butter. By cooperation of the Illinois State
Board of Agriculture and the Association of American Agricultural Colleges and Ex-
periment Stations, five samples were taken by Drs. Babcock and Manns, chemists of the
Wisconsin and Illinois Experiment Stations, from each of nine lots of butter to which
first prizes had been awarded in as many classes at the American Dairy Show, held in
Chicago in November, 1889, under the auspices of the Illinois State Board of Agriculture.
A set of these samples was analyzed by each of the following chemists: Dr. H. W.
Wiley, of U. S. Dep't of Agriculture; Dr. E. H. Jenkins, of the Connecticut Experiment
Station; Dr. A. G. Manns, of the Illinois Experiment Station; Professor M. A. Scovell,
of the Kentucky Experiment Station; and Dr. S. M. Babcock, of the Wisconsin Experi-
ment Station, except that an accident prevented the analysis by Dr. Babcock of the
sample from lot No. 8.
"In the table following are given the names and addresses of the exhibitors; the
prize taken by each lot, and the rating of each by the awarding committee on the scale
of points adopted; the average of the analyses of the five samples from each lot; and the
general average of the forty-four analyses of the nine lots by the five chemists.
TABLE SHOWING RATINGS FOR AWARD AND AVERAGES OF ANALYSES OF BUTTERS
TAKING PREMIUMS AT CHICAGO, NOVEMBER, 1889.
No.
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" The variation in the fat in these nine lots is less than 5.5 per cent. So far as ap-
pears from these analyses, the percentage of fat in butter depends on the thoroughness
with which the water and buttermilk are extracted, and the quantity of salt allowed to
remain, and not on the breed of cows nor the mode of manufacture. The lot with
highest rating by the scale of points had a little less than the average per cent, of fat.
That which stood lowest had a little more than the average per cent, of fat.
The average per cent, of salt is not quite half that often put into American butter. The
three lots which were rated lowest as to salting and which stood lowest in total rating,
each had less than the average of salt.
" G. E. MORROW, )
"W. A. HENRY, [ Committee .
"
"H. P. ARMSBY, )
Composition of Creamery Butter from Connecticut. The following is
the average of several analyses by E. H. Farrington, assistant chemist of
this Station, of a sample of creamery butter made in Connecticut, and
forwarded to the Station by Dr. E. H. Jenkins, of the Connecticut Ex-
periment Station: Fat, 80.75; water, 12.86; curd, 1.32; ash, 5.03 per cent.
It will be noticed that this sample had less fat, slightly more water, and
considerably more salt than any one of the prize butters referred to in the
report above.
Butter Made at this Station. In the work done by Dr. Manns and
reported in this bulletin, it was not necessary to make complete analyses
of butter. The water was determined in 36 lots of butter made at the
Station, Excluding two lots made from spoiled cream, the highest per
cent, of water in 34 lots of unsalted butter was 17.12; the lowest, 12.79;
the average, 14.71.
GEORGE E. MORROW, A. M., Agriculturist.
MILK TESTS.
The system of paying for milk received at creameries, irrespective of
its quality, has given rise to numerous discussions as to the practicability
of using simple methods for the estimation of fat in milk, as a means of
establishing a true basis for its valuation. Such tests, in order to be
practicable, must have the requisites of simplicity in manipulation and
accuracy. Cream tubes would be invaluable, were the results obtained
trustworthy. But the per cent, of fat in cream varies with the tempera-
ture of setting and the richness of the milk; and the volume is also
directly influenced by the condition of the casein in the milk at the time
of setting. Carefully conducted experiments have shown that samples of
milk containing like percentages of fat will show large variations in per
cent, of cream on standing in the cream tabes.
Other methods, recommending themselves on account of the extreme
simplicity of the manipulation, are those based on the optical examina-
tion, as with the lactoscope or the pioscope. All optical methods are in-
accurate, because the opacity of milk is partly due to the casein; and,
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while it is true that the degree of opacity increases regularly with the
quantity of fat held in suspension, still it is subject to modification by the
variable size of the fat globules. Of two samples of milk containing the
same percentage of fat, the one in which the fat globules are smallest will
appear to be the richer when examined with the lactoscope.
SHORT'S TEST.
The following work, conducted at DeKalb, Malta, and Shabbona, was
undertaken by the Station with the object of gathering information in
regard to the application of Short's test to the daily work of the creamery.
Incidentally, the lactoscope was tested in comparison with the gravimetric
and the Short methods.
Two sets of testing flasks, such as are used in the Short test, were ex-
amined. The first set had been purchased some time previous to the
present work and the flasks exhibited wide variations in the diameters of the
contracted portions of the tubes. Sixteen of the flasks had necks of uni-
form diameter, while in 18 others the differences were sufficient to make a
difference of from i. per cent, to 1.45 per cent, in the results read from
the scale. The extreme difference in cubic contents, for equal lengths of
the contracted part of the tube, where the fat would be measured,
amounted to 33 per cent, of the capacity of that portion of the tubes.
These flasks were absolutely worthless, giving misleading, irregular results.
In the second set, and it might be added in others purchased since,
the extreme difference in the caliber of the necks made a difference of
.3
per cent, in the analytical results obtained. No difficulty has been ex-
perienced lately in purchasing well made tubes. However, one should
carefully avoid buying from irresponsible parties, for it is of prime im-
portance that the tubes and the scale be accurate.
THE LACTOSCOPE.
In order to familiarize ourselves with the instrument at our disposal,
a number of tests were made and the results obtained were compared
with those found in the gravimetric method. The results soon pointed out
a deficiency in the method which, no doubt, everybody who has used the
lactoscope will recognize. By following the printed directions for reading
the per cent., the results will vary with the person making the test. It was
found that the lines on the scale were distinctly visible to some, while
others could not see them until a further comparatively larger quantity of
water had been added. This defect could be remedied by using a second
scale immersed in a milky fluid which could be used as a standard for
comparison. The test scale would show the lines as they should be seen
in the lactoscope when sufficient water had been added. Such a test
scale would be far more serviceable than the printed directions accom-
panying the instrument. The first readings taken were, on an average, .75
per cent, lower than they should have been, and it required some practice
with milk samples in which the per cent, of fat was known before the eye
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could distinguish the proper point where the further addition of water
should be discontinued.
The lactoscope proved very efficient as a simple means of testing
the milk of individual cows in a herd.
The following results were obtained at two dairys visited:
TABLE SHOWING TESTS WITH THE LACTOSCOPE.
First.
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TABLE SHOWING RESULTS OF TESTS OF FAT BY THE LACTOSCOPE, SHORT'S METHOD,
AND THE GRAVIMETRIC METHOD.
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shown in testing the sample taken from it. The sum of the results thus
obtained is the weight of the butter fat in the milk received that day.
Below will be found tables, the first of which is a copy of the daily
record kept at DeKalb, Malta, and Shabbona, respectively. Following
this is a table showing the weight of butter fat indicated daily by the
Short test, compared with the actual weight of salted butter obtained in
churning the cream taken from the milk of the corresponding day.
TABLE SHOWING PER CENT. OF BUTTER FAT FOUND IN 88 LOTS OF MIXED MILK.
No. of
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TABLE SHOWING COMPARISON OF SHORT'S TEST WITH YIELD FROM THE CHURN.
Date.
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centration were practically constant, the amount of acid that had devel-
oped during the ripening process varied considerably.
By comparing the results in the following table, it will be seen that
the churnings which fell below the amount of butter fat indicated by the
test, were made with cream in which the per cent, of acidity was com-
paratively l,ow.
TABLE SHOWING CORRESPONDENCE BETWEEN ACIDITY AND YIELD OF BUTTER.
Date.
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When a has attained
.65 per cent, of acid, but a slight increase is ob-
tained by further ripening of the cream; while at .7 per cent, the differ-
ence disappears.
It was found that the lactic fermentation proceeded rapidly until the
cream had attained about .82 per cent, of acid, and that when this state was
reached other fermentations seemed to take place so that the cream could
not be kept without danger of spoiling.
TABLE SHOWING YIELDS OF BUTTER FROM CREAM OF DIFFERENT DEGREES OF
ACIDITY.
Date.
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In the churning made at DeKalb, the cream was divided into two
portions. One-half was churned sweet at a temperature of 55 F., while
the second half was allowed to ripen, when it was churned at 60 F. The
yield of the sweet cream churning was but little below that of the ripened
cream, as seen below.
In order to try the effect of larger quantities of acid on the yield of
butter, in trials 19, 27, and 28, the cream was allowed to ripen, when one-
half, a, was churned as usual, but the second half, b, was acidified with
acetic acid previous to churning. In two cases there was a slight increase
over the yield of a; in the third, b gave a smaller yield than a. It would
seem, therefore, that a higher degree of acidity than .7 to .8 per cent,
would not materially affect the yield of butter, while it would be highly
dangerous to the quality to allow the cream to stand after it had reached
that point.
On the other hand, in using the churning temperature of 58 F.
(60 F. in winter), a regular increase in the yield is observed as the cream
ripens, until the latter has acquired about .7 per cent, of acid.
The analyses of the buttermilk and of the butter from each churning
showed that there was more fat left in the buttermilk from a than in that
from b, and that the quality of the butter in churning the cream sour was
superior to that obtained from the corresponding portion that had been
churned with a smaller per cent, of acid. Exceptions to this statement were
found in trials 10, n, 2, 20, and 26. In the two trials 10 and n, the
cause of this variation was explained by the fact that the cream b in each
case had spoiled. A different fermentation had set in after the cream had
ripened, which was highly detrimental to the quality of the butter. In
trials 2, 20, and 26, the difference in the quality of the butter was not so
marked as in the two foregoing cases, but it was probably caused by the
same detrimental fermentations. [See table on page 300.]
*CHURNING SWEET CREAM.
In connection with churning sweet cream, a method has been pro-
posed by Prof. John A. Myers, of the West Virginia Station, in which the
fat in the buttermilk is recovered by means of the centrifugal machine.
At the request of Professor Morrow, a few tests were conducted in order
to find how much fat could be recovered in this manner.
Sweet cream churned at the same temperature as sour, would give a
poor yield of butter, leaving a large per cent, of fat in the buttermilk.
It has been found that the best churning temperature for sweet cream is
from 51 to 55 F., when all but a few per cent, of the butter fat can be re-
covered.
[*This sweet cream butter was sold at a considerable loss, the dealers objecting to it. It has been sug-
gested that the coloring matter used may have had some effect, the flavor of the butter being much more
mild than that of butter made from acid cream. It may have been, however, that the claim of inferior
quality rested only on the fact that the flavor of the butter did not suit tastes educated to prefer a sharper
and more distinct flavor. G. E. MORROW.]
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TABLE COMPARING YIELDS FROM SWEET AND SOUR CREAM.
No.
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healthy growth. It has been shown * experimentally that an excessive use
of water is harmful. As the heifers fed ensilage gained no more than the
others, seven pounds of water or other substance had to be eliminated daily
from the system. This required extra work of the excretory organs.
This work used up food.
It is not at all improbable that more water would be evaporated from
the skin. About sixteen times as much heat is rendered latent when water
is evaporated at the temperature of the body, as is required to raise the
same quantity from freezing to the temperature of the body.
1 This heat
requires fuel (food) to produce it. The evaporation of water from the
skin is one of nature's methods of maintaining a uniform temperature of
the body. Much less water is required in cold than in warm weather.
3. It has been suggested by a German investigator, H. Weiske, that in-
asmuch as the ensilage relaxes the bowels, all the food given passes
through the animal more quickly, and hence less is digested 2 .
The relative digestibility of field-cured and ensilaged fodders, how-
ever, is still unsettled.
3 Sturtevant and 4Woll found ensilage more digesti-
able than fodder. 8Weiske found esparcet more digestible than the same
ensilaged. Recently
6
Armsby has reported a carefully conducted experi-
ment in which he found corn-fodder more digestible than ensilage.
Details of the experiment follow.
THE ANIMALS USED.
Eight yearling heifers were used in this test. All were out of thor-
oughbred Shorthorn cows, and all but one, No. 8, were sired by the Short-
horn bull, Royal Butterfly 83,410. The following table gives the name,
date of birth, dam, and sire of each.
TABLE SHOWING CHARACTER OF ANIMALS.
No.
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They were divided into two lots with reference to their weight and sup-
posed feeding quality, as judged by appearance and past experience in
feeding them. Heifers i to 4 were fed corn fodder, and heifers 5 to 8 were
fed ensilage. They were a thrifty and fairly even bunch, well adapted
to the work in hand, except possibly in age and consequent lack of size.
FOOD GIVEN AND EATEN.
During two weeks, December 23, 1889, to January 6, 1890, while the
heifers were getting accustomed to their quarters, they were each fed
daily six pounds of middlings and one feed of both corn fodder and
and ensilage.
The time covered by the feeding test was 84 days, January 6 to
March 31, 1890, and may be divided into three periods as follows:
Period i, January 6th to January 3oth 24 days.
Period 2, January 3Oth to March loth 39 days.
Period 3, March loth to March 3ist 21 days.
The duration of the first two periods was controlled by the supply of
ensilage.
During the three periods each heifer had six pounds of crushed
oats daily, and each pair (heifers i and 2, 3 and 4, etc.), had four pounds
of clover hay daily. With the exception of the first day or two, all given
of both oats and hay was eaten.
During period i, heifers i to 4, were fed corn fodder from Burrell
and Whitman ensilage corn, and heifers 5 to 8 were fed ensilage from the
same. During period 2, heifers i to 4 were fed corn fodder from Burr's
white corn, and heifers 5 to 8 were fed ensilage from the same; and dur-
ing period 3, all were fed corn-fodder from Burr's white corn.
Growing and Harvesting the Corn. The four acres used for grow-
ing the corn had been in meadow for several years, and in the spring 75
loads of stable manure were put on it. May 18, 1889, it was planted with
an ordinary two-horse corn-planter drill in rows 3 ft. 8 in. apart. The
stubs on an acre of each variety were counted after the corn was removed.
In the Burr's white there was one stalk every 13 inches, and in the Burrell
and Whitman, the stalks were about one inch further apart.
Both acres of Burr's white were cut September 24th to 26th, and
both acres of Burrell and Whitman ensilage corn, September 25th to 28th.
One acre of each variety was cut up (about inch lengths) and put into a
silo, and one acre of each was shocked and left standing in the field until
wanted. The respective acres from which the corn -fodder and ensilage
were made lay side by side and were 2x80 rods.
At the time of cutting, the ears of Burr's white were mostly glazed,
the lower leaves were beginning to get dry, and occasionally the husks
were dry. The ears of Burrell and Whitman corn were largely in the
milk and the leaves and husks were green. At this time one hundred
pounds of stalks of each variety was taken as cut, and the following
items ascertained. The stalks were cut about 15 in. high.
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Burr's white Burrell and Whitman
ensilage corn.
Height of stalks 7 ft. 9 in. 8 ft. 8 in.
Number of nodes 1 1 13
Number of stalks 47 34
Number of ears 42 29
Pounds of ears 32-5 I9-S
Pounds of bare stalks 32.5 36.5
Pounds of leaves and husks 34.5 43
The corn-fodder was hauled from the field twice a week, and run
through the feed cutter in the same manner as the green corn which had
previously been put into the silo. Each time the required quantity was
cut it was put into a compartment of a comparatively tight box, and another
compartment was filled with ensilage from the silo. This quantity served
three or four days. This method was necessitated by the burning of the
experiment barn and silo in September, 1889. Little difficulty was ex-
perienced in keeping either the ensilage or corn-fodder in this way. No
selection of shocks or fodder was made. The shocks were taken one
after another, each in its turn, and all of every shock was used. As in
feeding only four heifers, the ensilage would not be removed fast enough
to keep the exposed surfaces fresh, ensilage was fed regularly to other
stock. Any that was rotten or otherwise spoiled was rejected. The waste
in the silo this season, from this cause, may be roughly estimated at 10
per cent.
METHOD OF FEEDING.
The daily routine was about as follows:
6:30 a. m., removed and weighed corn-fodder and ensilage left uneaten from pre-
vious evening feed.
7 a. m., fed crushed oats.
7:30 to 8 a. m., fed corn-fodder and ensilage.
9 to 10 a. m., weighed animals, removed and weighed corn-fodder and ensilage not
eaten, and watered in stall.
10 a. m., to 3:30 p. m., heifers ran in a small lot, during which time clover hay was
placed in mangers.
3:30 to 4 p. m., stabled and watered.
4 to 4:30 p. m., fed crushed oats.
5 to 6 p. m., fed corn-fodder and ensilage.
Period i. During period one, January 6-30, 1890, heifers i to 4
were each given 12 pounds daily (5 Ib. in the morning and 7 Ib. in the
evening) of Burrell and Whitman corn-fodder, and heifers 5 to 8 were
each given from January 6th to January i5th, 25 pounds (10 in the morn-
ing and 15 in the evening), of Burrell and Whitman corn ensilage; from
January isth to 27th, 28 pounds (12 in the morning and 16 in the even-
ing); and from January 27th to 3oth, 30 pounds (13 in the morning and
17 in the evening).
The constant aim was to give each animal the same quantity of
crushed oats, and each pair the same quantity of clover hay, and to allow
each animal all the corn-fodder or ensilage it would eat, though recogniz-
ing that with full feeding some of the coarser parts of each would not be
eaten.
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The following table gives the number of pounds of corn-fodder and
ensilage eaten by each animal each day during period i.
TABLE SHOWING POUNDS OF CORN-FODDER AND ENSILAGE EATEN.
Date.
COMPARATIVE VALUE OF CORN-FODDER AND ENSILAGE. 37
The total quantity of food eaten per day per animal, during period i was:
Heifers fed corn-fodder.
Fresh. Water-free.
Ib.
Heifers fed ensilage .
Fresh. Water-free.
lb. lb.
24.25
6
2
32.25
6.04
5-19
1.64
12.87
Corn-fodder or ensilage 7.46
Crushed oats 6
Clover hay 2
Total per animal 15-46
Total per 1,000 lb. live wt
Period 2. During period 2, January 3oth to March loth, heifers i to
4 were each given 12 pounds daily (5 lb. in the morning and 7 lb. in the
evening) of Burr's white corn-fodder, and heifers 5 to 8 were each given 30
pounds (13 in the morning and 17 in the evening) of Burr's white ensilage.
The following table gives the number of pounds of corn-fodder and
ensilage eated by each animal each day during period 2.
TABLE SHOWING POUNDS OF CORN-FODDER AND ENSILAGE EATEN.
Date.
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In the analyses of duplicate samples of corn-fodder and ensilage
taken weekly during this period (pp. 316 to 320), Mr. Farrington finds
that the corn-fodder contained 32.19 per cent, of water, of which that not
eaten and weighed back, contained 51.65 per cent, of water; and that the
ensilage given contained 72.30 per cent, of water, of which that not eaten
contained 78.32 per cent of water. It has heretofore been determined by
this Station that the stalks of growing corn, when the ears have become
glazed, contain a much larger percentage of water than either the ears or
the leaves and husks.* It would seem from these analyses that the rela-
tive percentage of water in the stalks of the cured corn-fodder is greater
than the stalks of the ensilage.
The percentage of waste in feeding both corn-fodder and ensilage is
less than is indicated by the percentage of fresh substance not eaten.
The following table will show this:
Period 2, January 3oth to March ioth,39 days. The composition of
the corn-fodder and ensilage eaten and refused per day per animal was:
Corn-fodder. Ensilage.
Fresh. Water-free. Fresh. Water-free.
Pounds given 12. 8.14 30. 8.31
Pounds not eaten 3.25 1.58 5.94 1.29
Pounds eaten (by difference) 8.75 6.56 24.06 7.02
Per cent, eaten of that given 72.9 806 80.2 85.6
In this case the amount of water-free substance was determined by
first computing the water-free substance in the food given and in that not
eaten, and then taking the difference. If, as in period i, the water-free
substance eaten had been computed by assuming that the fresh substance
eaten contained the same percentage of water as the food given, the
pounds of water-free corn-fodder eaten daily would be 5.93 instead of
6.56, and of water-free ensilage 6.66 pounds instead of 7.02 pounds.
The total pounds of food eaten per day per animal, during period 2
was:
Heifers fed corn-fodder. Heifers fed ensilage.
Fresh. Water-free. Fresh Water-free.
Corn-fodder or ensilage 8.75 6.56 24.06 7.02
Crushed oats 6. S- 1 9 6. 5- l 9
Clover hay 2. 1.64 2. 1.64
Total per animal 16.75 x3-39 32.06 1 3-%S
Total per 1,000 Ib. live wt 17-44 I 7-5i
Period j. During period 3, March loth to 3ist, heifers i to 8 were
each given 12 pounds of Burr's white corn-fodder daily. The following
table gives the number of pounds of corn-fodder eaten by each animal
each day during the period:
*Bulletin No. 4, p 91
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TABLE SHOWING POUNDS OF CORN-FODDER EATEN.
39
Date.
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WATER CONSUMED.
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During two weeks, February i7th to March 2d inclusive, the pounds
of water consumed was ascertained, and is given in the following table:
TABLE SHOWING POUNDS OF WATER GIVEN AT MORNING AND NIGHT FEB.
MARCH 20.
Date.
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much less when the weights are taken at longer intervals. In this experi-
ment weights were taken daily, and every precaution was taken to have
the animals weighed under similar conditions each day. They ate with
reasonable regularity, made good gains, and were throughout the test in
the best of health. Yet a glance at the table of individual weights, or at
the diagram of average weights, will show striking'daily variations.
An average increase of 25 Ib. per animal in one day, and, again a de-
crease of 20 Ib. may be noted. It should be mentioned that the marked
variations in weight from March 6th to pth, were caused, undoubtedly, by
an enforced temporary change of water and method of watering. The
grade Shorthorn heifer, .No. 8, showed the most variation. The weights
from March 25th to 3oth, may be given in illustration; viz., 891, 854, 868,
869, 900, and 907 Ib. See also weights from February xoth to 25th.
Although, in general, the average daily variations of each test were
somewhat similar, it is apparent that a comparison of particular days
might be misleading. It was decided, therefore, to take the average
weight of five days preceeding the beginning or ending of any period,
and these are given in the following table:
TABLE SHOWING DAILY WEIGHTS OF HEIFERS.
Date.
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TABLE SHOWING DAILY WEIGHTS OF HEIFERS Continued.
Date.
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EnsilnfjO. Corn -Fodder
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TABLE SHOWING AVERAGE WEIGHTS OF HEIFERS FOR PERIODS NAMED.
Date.
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ANALYSES OF CORN-FODDER AND ENSILAGE MADE IN CONNECTION
WITH THE FOREGOING EXPERIMENT.
From February 4, 1890, to March i2th, inclusive, duplicate samples
of the cut corn-fodder, field-cured, and of the ensilage were taken each
week. The samples were taken in duplicate because it was feared that,
with our present fittings for drying only small samples, 2 to 3 Ib. of corn-
fodder and 5 to 7 Ib. of ensilage might not be a sufficient quantity to rep-
resent fairly the 300 to 5ob Ib. from which the sample was taken. The
sampling was done by filling tin pails with the feeds, the operator being
seriously conscious how desirable it was that the contents of the pails
fairly represented the feeding stuff. The average weight of the samples
so taken was 2 Ib. 11.9 oz. of the corn-fodder, and 7 Ib. 2.3 oz. of the en-
silage. After carefully recording the weight of the samples, they were cut
so fine that no whole kernels of corn were left. None of the material
was lost in the cutting. By recording the weights immediately after this
cutting it was found that the corn-fodder did not lose in weight enough
to be detected by the scales, which weighed to ^ oz.; but the ensilage lost
by drying, on the average 1.5 per cent, of its weight. From this fine mate-
rial a smaller sample of about 9 oz. was taken and its weight recorded.
In the laboratory this was dried at 40 to 50 C., for about 24 hours, and
while warm was ground so fine that it would pass through a sieve with
openings .5 mm. in diameter. After grinding it was allowed to air-dry for
about 12 hours and then weighed. From this an eight-ounce bottle was
filled for the analyses.
The moisture in the air-dry sample was determined by drying i gram
in a current of dry hydrogen at the temperature of boiling water. The
fat (ether extract) was also determined in this same i gram from which
the moisture had been expelled.
Analyses were made in the same way of samples of corn-fodder and
ensilage taken at different times, three in the morning and three in the
evening, from that not eaten by the animals.
The two following tables show the results of these analyses.
TABLE SHOWING AVERAGE OF ANALYSES OF DUPLICATE SAMPLES OF CORN-FODDER
AND ENSILAGE AS FED, PER CENTS.
Sampled.
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TABLE SHOWING ANALYSES OF SAMPLES OF REFUSED CORN-FODDER AND ENSILAGE,
PER CENTS.
Sampled.
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tions, so the skillful chemist will bring his results very near the truth, the
approximation depending on the nature of the method used."
The foregoing table shows that the per cent, of nitrogen and ether
extract in the dry matter of duplicate samples was about the same, but
the per cent, of dry matter varied considerably because of the small size
of the samples taken for analyses.
The following table gives the composition of the feeding stuffs, aver-
age of all the analyses:
TABLE SHOWING COMPOSITION OF THE FEEDING STUFFS, PER CENTS.
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nitrogeneous constituents are diffused through the ensilage more evenly
than in the corn-fodder, or that the animals ate the ensilage without
selecting or picking it over very much.
The relation of albuminoids to non- albuminoids is nearly the same
in the refused as in the original ensilage, although quite different in the
two kinds of corn-fodder.
TABLE SHOWING RELATION OF ALBUMINOIDS AND NON-ALBUMINOIDS IN THE DRY
MATTER OF THE PROVENDER FED AND REFUSED.
The dry matter con-
tains,
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Although these estimates of nutrients and energy are crude, merely
rough approximations, they are the best known to science at the present
day, and give in figures a representation of the comparative value of feed-
ing stuffs measured by a uniform mold of calculation.
The nutritive ratio represents the relation between the digestible
nitrogenous and non-nitrogenous organic nutrients, or between the digest-
ible protein and the remaining digestible organic matter. It is thus culcu-
lated: Counting the digestible protein as the first term of the ratio, the
second term is found by multiplying the digestible fat by 2.25 (because i
Ib. of fat produces 2.25 times as much heat when burned as i Ib. of the
other organic nutrients) and by adding to this product the digestible crude
fibre and nitrogen-free extract. In the foregoing table, each ratio has been
reduced to a ratio whose first term is one.
The calories of potential energy show the " fuel values
"
of the digest-
ible nutrients. One calorie is the quantity of heat necessary to raise the
temperature of one kilogram* of water through one degree centigrade,
and the energy, heat, or work represented by the calories in the foregoing
table is obtained by multiplying the number of grams of digestible pro-
tein and carbohydrates (fiber and nitrogen-free extract) by 4.1 and the
number of grams of digestible fat by 9.3, and taking the sum of the two
products for the total calories contained in the digestible nutrients; be-
cause one gram of protein or carbohydrates, if its potential energy is
converted into heat, will raise the temperature of i kilogram of water
through 4.1 degrees centigrade, and i gram of fat will raise the tempera-
ture of the same amount of water through 9.3 degrees centigrade.
E. H. FARRINGTON, M. S.,
Assistant Chemist.
VALUE OF PASTURE, AND OF GRAIN RATION WITH PAS-
TURE, FOR YOUNG CATTLE.
Experiment No. 27.
The following pages contain a report of experiments tried in 1888 and
1889 to ascertain:
1. The feeding value, for young cattle, of pasture.
2. The value of a grain ration for young cattle on pasture.
Similar experiments are to be tried in 1890, and full details are not
here published. In a more than usual degree the results are suggestive
rather than conclusive. The questions to be solved are more complex
than appears at first statement. Thus, evidently cattle with a grain ration
will eat less grass; but how much less ? The droppings of the grain-fed
cattle will be more valuable as manure; but how much more? A better
result will be secured if hogs follow the grain -fed cattle; but in what num-
ber ? Aside from such questions as these, correct answers to which can-
*One kilogram equals 2.2 4- pounds.
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not be given in advance of repeated experiments, the obvious difficulties
in making the results in one season apply to a season of a different char-
acter, or those from one pasture apply to a different pasture, make the re-
sults of two years' trials only suggestive.
The trials were made on the University lands good, dark-colored
prairie soil. Five acres of blue-grass pasture, with some white clover,
was selected and divided into plats of two and three acres each; much
alike, except that a small portion of the three-acre plat had some orchard
grass and a little timothy in it. These plats were used both years. In
1889 there was also used ten acres of a fair average blue-grass pasture.
All the land had been in pasture for ten years.
In April, 1888, eight young steers were selected, of which the exact
age and breeding were known in but a single case. Probably each had
some Shorthorn blood, and the age varied from eight to fourteen months.
They were not so uniform nor so good as would have been desirable, but
were such as could be obtained conveniently. They were divided into
two lots of four each as nearly equal in weight and quality as possible.
April 1 8th, each lot was placed in a dry lot, and for four weeks they
were fed all they would readily eat of hay and a mixture of corn, 60 lb.,
oats, 40 lb.; bran, 25 lb.
May i4th, one lot was put into the three-acre grass plat and received
no other food. The other was put into the two-acre plat and, in addition
to the grass, was fed the grain ration twice daily.
The following notes of the condition of the grass were made: June
nth, blue-grass headed and well covered the pastures. June 25th, culms
and heads of the blue-grass dead. July loth, heads and culms of the
blue-grass disappearing somewhat; fresh grass growing abundantly. No
material difference was noted in quality or quantity of the grass in the two-
plats. July 23rd, much of the old blue-grass remaining. One-fourth to
one-third of each pasture cropped closely. More white clover in the two-
than in the three-acre plat. Up to this date the pastures have apparently
contained more feed than was needed by the steers.
October 29th, the steers were taken from the pasture and were there-
after fed hay and grain, and ran in a small grass lot during the day. Jan-
uary 21, 1889, corn ensilage was substituted for the grain. For two weeks
all the hay the steers would eat was given them. From Feb. 4th to March
i8th, the hay given was limited. From the latter date to April 2gth, grain
was substituted for ensilage. At this date the eight steers were placed
on ten acres of pasture, receiving no other food until September 25th.
From this date to November 25th they were fed ear corn and were allow-
ed to remain on the same pasture. The corn was husked as needed.
Fifty pounds from each load was hung up to dry. December nth, the
sample lots of corn were shelled and the weight of the shelled corn taken.
From this the quantity of air- dry corn fed was calculated.
The weight of each lot of steers at given dates, and the quantity of
hay, grain, or ensilage eaten in each period are given in the accompany-
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ing tables. The weighings were in the morning, after feeding, but before
watering. The steers were weighed separately. The weighings here re-
ported were at intervals of two weeks with one or two exceptions, which
will be readily noted.
TABLE SHOWING WEIGHTS AND GAINS OF ANIMALS, AND WEIGHTS OF FEEDING
STUFFS FOR PERIODS GIVEN.
Dates.
1888-89.
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May 20, 1889, six steers were selected. One was known to be pure
Shorthorn; the others were grade Shorthorns, but exact breeding and age
were unknown. One was apparently under one year old; one 14 months;
the others probably 1 8 to 20 months. They were divided into two lots of
three, and placed on the pasture plats used in 1888. Commencing May
27th, lot 4 was fed shelled corn in addition to the pasture; lot 3 had noth-
ing but the grass.
June xoth, two Poland-China pigs were put into the two-acre plat
with lot 4, receiving no other food than the grass and offal from the steers.
These pigs weighed 285.5 K>. Until Sept. 24th, at which time ear corn
was substituted for shelled corn, they had gained 129.5 lb. Until Oct.
28th, at which time the growth of grass may be assumed to have mainly
ceased, the gain had been 163 lb., and until Nov. 25th, when the experi-
ment ceased, the total gain had been 195 lb.
From Sept. 25th, to Nov. 25th, each lot was fed corn in the ear, husked
as needed. A sample of each load was dried, and from the weight of the
shelled corn of these sample lots the quantity of air-dry corn eaten by
each lot of steers was calculated.
The weights of each lot of steers at dates named, and the quantity of
grain eaten are given in the accompanying table. As in the preceeding
experiment, the weighings were in the morning, after feeding, but before
watering.
TABLE SHOWING WEIGHTS AND GAINS OF ANIMALS, AND WEIGHTS OK CORN, FOR
PERIODS GIVEN.
Dates.
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In 1889, the three steers on the same three acres made a gain of 104
lb., in the two weeks from Aug. 5th to Aug. igth, and lost i Ib. during the
next two weeks.
In 1889, the eight two-year-old steers on ten acres of pasture gained
1,130 lb. in eight weeks, from April 2gth to June 24th, and only 252 lb. in
the next 13 weeks.
Some reasons for these variations are obvious, but it is difficult to
explain all of them. Except during October, 1888, the pastures did not
appear to be grazed unusually short at any time. In the earlier part of
each season the supply of grass was, apparently, more than the cattle
needed. It seems evident, however, they were too heavily stocked, tak-
ing the seasons as a whole. In no case was there a satisfactory gain per
animal for the summer's grazing. In 1888, the four steers made an aver-
age gain of 185 lb. from May i4th to Oct. ist. In 1889, eight steers made
an average gain of 173 lb. from April 2gth to Sept. 23d, and three year-
ling steers made an average gain of 206 lb. from May 2oth to Sept. 24th.
Fractions of a pound are not given above. The gain in the last case may
be considered passably good, but is below what is desirable.
In trials in former years on the University farms with several lots of
yearling steers, the following gains were made in the six months from May
ist to Nov. ist, there being in one or two cases a variation from this time
of two or three days: Four steers, average gain, 332 lb.; 10 steers, aver-
age gain, 285 lb.; 2 steers, average gain, 440 lb.; eight steers, 223 lb.
this last from April 25th to Sept. ist. Of two-year-old steers, during six
months, seven made an average gain of 466 lb.; eight, of 380 lb.; four,
of 406 lb.
The gains per acre of grass-land were more satisfactory than the gains
per animal. The three-acre pasture, in 1888, supported four steers with
an average aggregate weight of 2,904 lb. which made a gain of 739 lb., or
246 lb. per acre from May i4th to Oct. ist. The same pasture, in 1889,
supported three steers, with an average aggregate weight of 2,540 lb. which
made a gain of 617 lb. or 206 lb. per acre from May 2oth to Sept. 24th.
The ten-acre pasture, in 1889, supported eight steers with an average ag-
gregate weight of 8,233 Ib- which made a gain of 1,382 lb., 138 lb. per acre,
from April 2gth to Sept. 24th.
With cattle selling at any reasonable price any of these gains would
give a good return for the use of the land; especially as pasturage is one
of the least exhaustive uses to which we can put our lands.
The results of pasturage in October, 1888, are not considered here, as
it is evident there was not sufficient food for the cattle. After Sept. 24,
1889, all the cattle were fed grain.
EFFECT OF GRAIN RATION WITH GRASS.
It was assumed that the steers receiving a liberal grain ration might
safely have the acreage of pasture reduced one-third, and the appearance
of the two plats used indicated that this assumption was fairly correct.
324 BULLETIN NO. 9. [May,
The steers fed grain made a more uniform gain than those on pasture
alone, but the variations in equal periods were sufficiently noticeable. In
1888, the four steers on the two acres of grass, from May i4th to Oct. ist,
ate 2,864 lb. of the mixture of corn, oats, and bran, an average of 716 Ib.
each, and made a gain of 758 lb., or 189.5 lb. each. This was a gain
only 39 lb. larger than that made by the four steers on the three acres of
grass without grain. That is, there was a gain of 39 lb. in weight, a sav-
ing of one acre of pasturage, and an undetermined increase in the value
of the manure to offset the value of 2,864 lb. grain fed and the increase of
labor made necessary by this feeding. Evidently the grain was fed at a
loss in this' case.
In 1889, the three steers on the same two acres of pasture, ate 3,163
lb. of corn and made a gain of 634 lb., from May 27th, to Sept. 24th, or
130 lb. more than the gain made during the same period by the three
steers on three acres of pasture. The two pigs with the grain fed steers
increased 129.5 lb. during the period. With beef and pork selling at
average prices, this increased gain and the rental value of one acre of
land would about equal value of the corn fed.
No considerable difference was found in the rate of gain in the two
lots of steers in the autumn months when both were fed grain. In two
cases the advantage was with the lots not having had grain during the
summer; in the third case the steers fed grain during the summer made
slightly larger gain in autumn than those which had pasture only.
It was easily noticeable in the late autumn and following spring, that
the three-acre was better than the two-acre pasture One reason evi-
dently was that, when grain was given both lots of steers, they would
eat about equal quantites of grass, the three-acre plat thus having the ad-
vantage.
GAIN FROM GRAIN AND HAY
From April 18 to May 14, 1888, the eight steers ate 1,800 lb. of the
mixed grain ration and 1,498 lb. of hay, and gained 315 lb. From Octo-
ber 29th to Jan. 2ist, they ate 6,465 lb. of grain and 6,365 lb. of hay, and
gained 694 lb. From March i8th to April 2gth, they ate 4,409 lb. of grain
and 2,700 lb. of hay, making a gain of 310 lb.
From Jan. ist to March i8th, corn ensilage was substituted for the
mixed grain ration. During this period they ate 15,218 lb. of ensilage,
and 2,568 lb. of hay and made gain of 154 lb.
For the first period of 26 days, the average gain per day for each
steer was 1.5 lb.; the average daily ration being about nine lb. of grain
and seven lb. of hay. For the second period of 84 days, the average gain
was a little over one pound per day, with ration of 9.6 lb. grain, and 9.5 lb.
hay. For the last period of 42 days the average gain was a little over one-
tenth of a pound, with a daily ration of almost exactly 13 lb. of grain and
8 lb. of hay. During the 56 days when ensilage was substituted for the
grain ration, the daily gain was a trifle over one-third of a pound per day
with ration of 34 lb. of ensilage and 5.75 lb. of hay.
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From Sept. 24 to Nov. 29, 1889, all the steers were fed ear corn on
the pastures. The results were surprising. In no case was there a large
gain made, and, although the weather was not cold at any time, nor unusu-
ally unpleasant, the gains during the last four weeks were especially small.
From Sept. 23d to Oct. 28th, each of eight steers made an average
daily gain of 2.2 lb., eating the equivalent of 12 Ib. air-dry shelled corn
per day. From Oct. 28th to Nov. 25th, the average daily gain was only
about six-tenths of a pound, with the equivalent of 16.7 lb. of corn eaten.
The six younger steers during the first period made an average daily gain
of about 1.2 lb. each, eating 13 lb. of corn. During the second period
the average daily gain was not quite four-tenths of a pound, with a ration
of 12 lb. of corn each per day.
In feeding in a similar manner en the University farms, lots of steers
have frequently made average daily gains of three pounds each during
September and two and three-fourths pounds during October. As the
weather grew colder the rate of gain always decreased, but rarely, if ever,
to so low a point as noted above, unless in case of extreme cold or
storms.
SUGGESTED CONCLUSIONS.
The results from two years' trials indicate that a grain ration to young
steers on good pasture is not usually profitable. The value of the increase
in weight by the grain-fed steers over that by those having grass only,
will rarely repay the cost of food and labor. The increased value of the
animals from earlier maturity and better quality may make the grain feed-
ing profitable.
Especially if the grain given be unground, is it essential to have pigs
follow the cattle, if a profit is to be had.
To secure the greatest gains per animal the pastures must not be fully
stocked. To secure the largest gain per acre they should be fully stocked.
An acre of good grass may be expected to support a steer weighing
from 800 to 1,000 lb., and enable it to make a moderate gain during the
summer.
The rate of growth of cattle, either on grass alone or with an added
grain ration, is very irregular, being especially checked by either drouth
or excessive rains, extreme heat or cold storms.
The addition of grain or other food to the pasturage before the grass
fails in the autumn is clearly advisable.
The acreage of pasturage may probably be safely decreased one-
third, if the steers be given a full grain ration.
It is doubtful if, at present, in most parts of Illinois, cattle can be
maintained or an increase of weight be secured at so low a cost in any
other way as by allowing them to get all their food during the best of the
grazing season from good pastures, fully but not over stocked.
G. E. MORROW, A. M.,
Agriculturist.
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EXPERIMENTS IN PROGRESS.
In the list below are given by number and title the experiments
which are now in hand. Some of them, as will be seen, are of such a
nature that they will run through two, three, or even many years; and
others we are repeating for the second or third time. Reports have been
published upon certain of the experiments, and in the last column of the
table are the numbers of the bulletins in which such reports may be found.
LIST OF EXPERIMENTS IN PROGRESS.
Class and title of experiment. Reported
in
bulletins
Field Experiments.
1 Corn, testing varieties Nos. 4 and 8
2 Corn, testing varieties for ensilage No. 4
3 Corn, time of planting Nos. 4 and 8
4 Corn, depth of planting
5 Corn, thickness of planting
6 Corn, planting in hills and drills No. 4
8 Corn, frequency of cultivation Nos. 4 and 8
9 Corn, depth of cultivation
10 Corn, effect of root-pruning
1 1 Corn, effect of fertilizers large plats [In part at Flora]
12 Oats, quantity of seed per acre Nos. 3 and 7
13 Oats, compact or loose seed bed
4 Oats, time of sowing
5 Oats, depth of sowing
16 Grasses, comparison of varieties
17 Clovers, comparison of varieties
1 8 Grasses and clovers sown with or without grain
19 Grasses, field tests of varieties
20 Clovers, field tests of varieties
21 Grasses and clovers, field tests of mixtures
22 Weeds, number and kinds on given areas
23 Rotation, University experiments continued
24 Fertilizers, comparison of, on corn small plats Nos. 4 and 8
54 Corn, root-growth
62 Wheat, effect of fertilizers
63 Wheat, methods of soil preparation
65 Wheat, quantity of seed per acre
66 Wheat, time of sowing
67 Wheat, depth of sowing
68 Wheat, its relation to chess
69 Wheat, effect of fertilizers upon. [Experiments at Flora, Odin, and
Farina] ....
71 Corn-fodder, effect of ripeness
84 Oats, testing varieties No. 7
85 Oats, effect of sowing spring wheat with
86 Fertilizers, effect on grass-lands
88 Beets, testing varieties
89 Corn, cross fertilization of
90 Corn, rate of growth
103 Comparative yield of corn planted with and without pumpkins, and of
pumpkins planted with and without corn
i89o.J EXPERIMENTS IN PROGRESS.
LIST Continued.
3 2 7
Class and title of experiment. Reported
in
bulletins
Feeding Experiments.
Cost of production of young cattle No. 9
Cost of production of young colts
Cost of production of young calves.
Cost of production of young heifers
Pigs, comparison between corn, grass, and corn and grass in feeding.
Pigs, comparative value of corn and beets, and corn in feeding
Tree Culture.
Orchard, soil cultivation and management
Orchard, soil fertilization
Apples, testing new varieties by planting
Apples, testing new varieties by top-grafting
Apples, testing hardiness of root-grafted and double-worked trees. . .
Pears, testing new varieties
Plums, testing new varieties
Cherries, testing new varieties
Forest trees, growing of
Testing time and methods of transplanting trees
Testing and improving native fruits
Testing the effects of stock and cion upon each other
Peach trees, winter protection of
Trees, protection of trunks
Trees, protection from mice, rabbits, and insects
Vine Culture.
Grapes, testing new varieties
Grapes, methods of training
Grapes, soil treatment
Small Fruit Culture.
Blackberries, testing varieties
Raspberries, testing varieties
Strawberries, testing varieties
Strawberries, raising seedlings
Raspberries, soil management
Gardening.
Beans, testing varieties
Sweet corn, testing varieties Nos. 4 and 8
Potatoes, investigation of scab
Cucurbitaceous plants, tests of, except melons
Tree and Vine Culture.
Fungicides, use of
Insecticides, use of.
Miscellaneous.
Record of soil temperature
Soil moisture, evaporation of water from the surface of water of un-
cultivated soil, of cultivated soil, of a corn plant, and of grass.
Meterological record from August 17, 1888
Biology of ensilage No. 7
Canada thistles, extermination of. [At Mattoon]
Fruits, production of new varieties from seeds
Vitality of timothy, blue grass, and red-top seeds tested
Vitality of seeds tested
Investigation of a bacterial disease of corn No. 6
Investigation of milk tests No. 9
All communications intended for the Station should be addressed,
not to any person, but to the
AGRICULTURAL EXPERIMENT STATION, CHAMPAIGN, ILLINOIS.
The bulletins of the Experiment Station will be sent free of all
charges to persons engaged in farming who may request that they be sent.
SELIM H. PEABODY,
President Board of Direction.
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